Absorption thermal energy storage system is a new technology with promising future. This contribution proposes a new perspective to analyze this kind system and introduces the entransy dissipation-based thermal resistance theory to optimize the system. The analogy between heat transfer and electric conductance, integration of the heat transfer and the phase change yield a new physical image and a direct mathematical model to describe the physical relation between the design requirements and the unknown design parameters, i.e. the heat transfer area, the heat capacity of each heat exchanger. Then the optimization problem converts to a conditional extremum problem applying the mathematical model. Finally, two examples are taken to testify the validity of the new method.
Introduction
Absorption thermal energy storage system as a new kind of energy storage technology, has advantages such as high energy storage density, low thermal loss and environment-friendly. The application of the technology may help promote energy efficiency and protect environment. Nowadays the technology attracts more and more researchers' interest and attention. The demand of saving costs and higher energy storage power asks for better optimization designing method.
During the past several years a large number of researches about absorption thermal energy storage technology have been published, which can be classified into two typical categories. The first category is based on experiment: in order to solve the problem of solar energy incoming mismatching cooling load and to increase the efficiency of solar energy, Grassie et al. [1] proposed the idea that store cryogen in the system to control the concentration of cryogen. Sheridan et al. [2] optimized the capacity of the fluid reservoir to prevent the circulation from being interrupted due to too much water in the reservoir, which improved the work of Grassie. Wibur et al. [3, 4] analyzed the system and suggested to set up a reservoir as a heat buffer device to lower the temperature of driving heat source. Wan et al. [5] proposed the idea of storing the concentration difference of the Lithium bromide solution and designed a closed solar absorption refrigeration thermal energy cycle added with a high pressure generator, a cryogen reservoir and a solution reservoir, the energy storage density was 116.7 kWh/m 3 .
The other category is to analyze and design the system theoretically and to optimize the system. Kaushik et al. [6] build a dynamic mathematical model of absorption thermal energy storage system using NH3/H2O, the results show the match of the system is important. Xu et al. [7] established a dynamic mathematical model for an absorption thermal energy storage system using LiBr solution, the model yields the relation between operating parameters of each device and operating performance under different operating conditions. However, the theoretical research of absorption thermal energy storage system has not been fully developed. Most of research focus on the dynamic mathematical model, while for steady process the relations between parameters are not exposed. Therefore, the theoretical optimization of the absorption thermal energy storage system is necessary and helpful.
For heat transfer, Guo et al. [8] introduced new physical quantitiy entransy to represent the heat transfer ability of an object during a time period. Chen [9] deduced the formula of entransy dissipationbased thermal resistance (EDTR) for different types of heat exchangers and developed an EDTR method for the design and optimization of heat exchanger performance. In order to choose the design parameters of the system to obtain higher energy storage power, this paper analyzes the system in a new perspective and proposes an optimization method based on EDTR method. For a certain absorption thermal energy storage system the optimization results compared with the experiment data, which shows the superiority of the newly proposed method. 
Analysis of absorption thermal energy storage system
Fig .1 shows the structure of an absorption thermal energy system, which consists of two heat exchangers, two containers, some pumps and other equipment. The entire cycle consists of two phase change processes and some heat transfer processes both in heat exchangers and containers with different liquids, and a certain number of variables in this system are coupled through governing equations. The entransy dissipation of a heat exchanger leads to the entransy dissipation-based thermal resistance of the heat exchanger. The governing equation of heat exchanger HXg can be derived applying EDTR method [9] :
The governing equation of the other heat exchanger HXc can also be derived applying EDTR method. Taking cognizance of that the hot fluid is a condensing vapor, the governing equation of heat exchanger HXc is exp , where 2 ex 
The entire system consists of two heat exchangers. Since the heat flow conserves the system can be compared to a circuit diagram containing three resistances and a charging battery which is shown in Fig.1  (b) . The energy storage process can be compared to a charging process, and energy storage power can be naturally compared to charging power:
This circuit diagram shows the essence of the system, then the analysis becomes easier: the governing equations of the system are simply assemble of governing equations of thermal resistances and a pressure equation. The relation of vapor pressure is that the pressure of vapor in pipe and two containers are equal:
,
Uemura et al. [10] derived an experienced formulation of statured vapor pressure of LiBr solution, and the statured vapor pressure of water can be obtained through Anotine equation. Substituting these two equations together derives the relation between the Ts and Tw, which is expressed as below:
A1, B1, C1 are coefficients determined by X [10] while A,B,C are constants from Bridgeman et al. [11] . Moreover, the two heat transfer rates are combined through energy conservation analysis as
Optimization model for absorption thermal energy storage system
The total heat transfer area and total flow rate are usually bounded in practice: ,
The optimization objective is maximizing energy storage power when the total thermal conductance and total flow rate are given. The conditional extremum method is applied to solve the optimization problem, and a Lagrange function is constructed as: with respect to each unknown variable offers 14 optimization equations which contain 14 unknown parameters, i.e. Qg, Qc, (KA)g, (KA)c, mg, mc, Ts, Tw, 1~ 6. Thereafter, solving the governing equations will obtain the optimal values of each of design parameters. Solving the optimization equations presents the optimal values of both design parameters and running parameters, which represent the performance of the system.
Optimization Results for absorption thermal energy storage system
For system stated above once the inlet temperatures and concentration of the solution are given, solving the optimization equations offers the best (KA)i and mi allocation. Besides, as the conditions change solving optimization equations with different parameters leads to the pattern of the change of the best allocation, which is helpful and convenient for system design.
The absorption thermal energy storage system with varied concentration of the solution
For a system where Tgi=343K, Tci=293K, and the specific heat capacities of fluids are cpw=cpg=cpc=4200J/(kg K). The mtotal and (KA)total are fixed as mtotal=1.0kg/s, (KA)total =5kWK -1 . The problem aims to find the best (KA)i and mi allocation to maximize the energy storage power. Zhang et al. [12] suggests reasonable range of X is 56.9%~61.9%. As X varies, solving the governing equations of the system gives the optimal values for mi and (KA)i which is shown in Fig.7 . Fig. 7 The variation of (a) mg, mc (b) (KA)g, (KA)c versus X Figure 7 (a) shows the optimized mi allocation derived by solving governing equations with different X. It is clear that as the concentration of solution rises, mg decreases and mc increases. Meanwhile, the difference between mg and mc increases also, which can be compared to that the electrical potential difference of the circuit rise as X increases. Fig. 7(b) shows the optimized (KA)i allocation, similarly as the concentration of solution increases, (KA)g decreases while (KA)c increases. Zhang et al. [12] built up an absorption thermal energy storage system stated above. The comparison between experiment result and optimization result is shown in Table 1 . For same system with a certain concentration of the solution, where Tci=293 K. When Tgi varies from 343 K to 363 K, the best allocation of (KA)i and mi vary, the problem aims to find the variety law of the best (KA)i and mi allocation which maximize the energy storage power. Fig.8 shows the optimized flow rate and thermal conductance allocation. Comparing the three conditions, the variety laws are similar, i.e. for a certain concentration of the solution, as the inlet temperature of the hot end heat exchanger increases, the heat capacity rate, mg, (KA)g and Ts increase, while mc, (KA)c and Tw decrease. The difference between Ts and Tw means the voltage across the battery increases which leads to faster charging speed, i.e. larger energy storage power. To sum up, higher Tgi yields higher energy storage power.
When the Tgi remains 363 K while the Tci varies from 293 K to 305 K, the same optimization leads to a contrast result with the last condition, i.e. higher Tci yields lower energy storage power. It is clear that in order to achieve adequate energy storage power, Tgi and Tci need to be determined carefully.
Conclusions
An absorption thermal energy storage system consists of two different types of thermal processes: heat transfer in heat exchangers and heat transfer with phase change in the solution container and water container, and the demand of higher energy storage power calls for optimization method. The paper introduces a new perspective of optimization for absorption thermal energy storage system and developed optimization equation group by applying EDTR theory into the analysis of the system. For the absorption system studied in this paper, the energy storage process is analyzed by comparing to electrical circuit and EDTR method connects running parameters and design parameters of each heat exchanger, while vapor pressure analysis connects Ts and Tw. The entire analysis leads to a mathematical relation directly relating the system requirements to the design parameters without any intermediate variable. Based on this relation together with the conditional extremum method the paper derives an optimization equation group, while solving the group gives the optimal structural and operation parameters for the system. An example is taken to show how the parameters changes when X varies, and the result shows that compared with experiment result the optimized parameters require less cost with the same load.
